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(54) COOKER 

(57) After the initial temperature TO of a heating 
chamber is sensed (S34), heating by microwaves is 
conducted until the sensor output of a humidity sensor 
exhibits a prescribed humidity change amount of 1 .0 V 
(S35-S39). Then, an additional time period is operated 
based on initial temperature TO and a time period 
passed for the elevation of 1 .0 V (S40-S42, S50). Heat- 
ing by microwaves is conducted for the additional time 
period (S43, S51), and then heating by a heater is con- 
ducted. As a result, the moisture included in the food is 
evaporated and finished crisp. In other words frozen 
precooked food may be thawed and cooked into a tasty 
state. 
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Description 
TECHNICAL FIELD 

The present invention relates generally to cooking 
devices capable of microwave- heating and heating with 
a heater, and more particularly to a cooking device suit- 
able for processing precooked food. 

BACKGROUND ART 

A cooking device of interest to the present invention 
is disclosed by Japanese Patent Laying-Open No. 4- 
225727. According to the patent application, the cook- 
ing device includes a heating chamber for accommodat- 
ing food to cook, a microwave heater and a heater for 
heating food placed in the heating chamber, a tempera- 
ture sensor provided on the surface of the wall of the 
heating chamber for sensing the temperature within the 
heating chamber, an exhaust temperature sensor pro- 
vided at an exhaust portion for letting out the atmos- 
phere ol the heating chamber, a humidity sensor for 
sensing the humidity within the heating chamber and a 
controller for controlling the entire cooking device. By 
the function of the controller, the microwave heater 
heats food until the output change amount of the humid- 
ity sensor reaches a prescribed value after starting 
heating, and then the heater heats the food for a calcu- 
lated time period corresponding to the temperature 
change amount of the exhaust temperature sensor and 
heating time until the amount of humidity change 
reaches a prescribed value after starting heating. 

Generally, food is heated by microwaves until the 
change amount of the humidity sensor reaches a pre- 
scribed value, and then the food is finished cooking by 
evaporating moisture using the heater. The humidity 
sensor however has a limited sensitivity, and it would be 
difficult to detect the same condition as for various kinds 
of cooking. If the output of the humidity sensor is the 
same, the state of heating is not always the same. 

In order to solve such a disadvantage, there is a 
method of continuing microwave- heating while steam- 
ing the food wrapped with plastic wrap with vapor gen- 
erated on the food. According to the method, the 
finished food becomes damp and the look is also 
spoiled. Therefore, after heating food by microwave 
heating without using wrap, evaporating the food by 
heating with a heater such as electric heater in order to 
make the finished food crisp and look delicious. 

Recently, consumers use more frozen precooked 
food such as frozen pilaf and frozen prefried food sold at 
convenience stores. These kinds of food are thawed, 
heated and then served at tables of households. The 
food often becomes damp and looks tasteless. 

The above-described method is directed to solving 
such a disadvantage, but the method is still encoun- 
tered with the following problem. 

Among various kinds of frozen precooked food, 
each item of frozen prefried food has a small unit value, 



through which microwaves easily penetrate, and there- 
fore, thawing and heating progress quickly. Meanwhile, 
it is hard for microwaves to penetrate to the center of 
food such as frozen pilaf and frozen grilled rice balls in 

5 a large lump, and therefore, heating of the center of the 
food progresses slowly. 

Therefore, frozen pilaf and frozen grilled rice balls in 
a large lump are thawed starting from the surface por- 
tion in the progress of heating. As a result, the output of 

10 the humidity sensor changes as the heating of the sur- 
face of the food proceeds. If therefore, the change 
amount of the humidity sensor reaches a prescribed 
value, the center of the food is not thawed enough and 
not heated enough unlike the surface. If the food is sub- 

15 jected to following heating with the heater with its center 
still not heated enough, the thawing of the center pro- 
ceeds by the heat emitted from the heater. The moisture 
generated by the thawing oozes onto the surface, and 
the surface of the food finished cooking becomes damp 

20 and tasteless. 

It is therefore an object of the present invention to 
provide a cooking device capable of appropriately 
processing precooked food, which overcomes the dis- 
advantage associated with such a conventional cooking 

25 device. 

DISCLOSURE OF THE INVENTION 

A cooking device according to the present invention 
30 includes a heating chamber for placing food, a micro- 
wave heater for heating the food in the heating chamber 
with microwaves, a heater for heating the food within the 
heating chamber, a temperature sensor for sensing the 
temperature within the heating chamber, a humidity 
35 sensor for sensing the humidity of the heating chamber, 
a controller making such a control that the microwave 
heating by the microwave heater is followed by heating 
by the heater, and a timer portion for counting time until 
the sensor output of the humidity sensor exhibits a pre- 
40 scribed humidity change from the start of heating. The 
controller controls the microwave heater to perform 
additional heating in response to the counting result of 
the timer and the temperature detected at the start of 
heating. 

45 Since such additional heating is conducted by the 
microwave heater based on the time required for a pre- 
scribed humidity change and the temperature at the 
start of heating, the surface of food does not become 
damp by the moisture emitted from the center of the 

so food not yet thawed. As a result, the thawed food may 
be cooked into a beautiful taste. 

The controller preferably calculates an additional 
time period based on the result of counting by the timer 
and the temperature of the heating chamber at the start 

55 of heating which is detected by the temperature sensor. 
The additional time period is calculated based on 
heating time until the humidity sensor exhibits a pre- 
scribed humidity change, the microwave, heater heats 
the food for the additional time period, and therefore, the 
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food is heated for an appropriate additional time period. 

According to another aspect of the invention, the 
cooking device includes a heating chamber for placing 
food, a microwave heater for heating the food in the 
heating chamber, a heater for heating the food in the 
heating chamber, a temperature sensor for sensing the 
temperature in the heating chamber, a humidity sensor 
for sensing the humidity in the heating chamber, a first 
cooking course execution portion for executing a first 
cooking course of heating the food with the microwave 
heater until the output of humidity sensor exhibits a pre- 
scribed humidity change from the start of heating fol- 
lowed by heating by the heater, a second cooking 
course execution portion tor executing a second cook- 
ing course of performing additional heating based on a 
temperature sensed by the temperature sensor at the 
start of heating and a time period until the sensor output 
of humidity sensor exhibits a prescribed humidity 
change from the start of heating between the heating by 
the microwave heater and the heating by the heater in 
the first cooking course, and a selection portion for 
selecting one of the first cooking course and the second 
cooking course. 

Since the first cooking course or the second cook- 
ing course may be selected based on food to cook by 
heating, a cooking device capable of performing appro- 
priate heating based on the kind of food is provided. 

The selection portion preferably selects the first 
cooking course if the amount of humidity change 
sensed by the humidity sensor after a prescribed time 
period is passed from the start of heating is larger than 
a prescribed cooking determination value, and selects 
the second cooking course if the amount of humidity 
change is smaller than the cooking determination value. 

Since the selection portion automatically selects a 
cooking course based on the amount of humidity 
change from the start of cooking to effect the first or 
second cooking course execution portion, appropriate 
heating may automatically be performed. 

The cooking device more preferably includes an 
operation portion for instructing the start of cooking and 
selection of a cooking course, and the selection portion 
selects and effects the first cooking course execution 
portion or the second cooking course execution in 
response to an instruction from the operation portion. 

Since the first or second cooking course execution 
portion is executed through the selecting portion in 
response to an instruction from the operation portion, 
the user may select a desired cooking course. 

More preferably, the food is frozen precooked food. 

Since appropriate heating is conducted to frozen 
precooked food, a cooking device capable of thawing 
such frozen precooked food into a good taste may be 
provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an overview showing a microwave oven 
according to one embodiment of the present inven- 
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tion; 

Fig. 2 is a control block diagram for the microwave 
oven; 

Fig. 3 is a flow chart showing the operation of a 
cooking device according to the present invention; 
Figs. 4 and 5 are flow charts showing the opera- 
tions of cooking courses for fried food and pilafs; 
Figs. 6 to 8 are flow charts showing the operation of 
cooking pilaf; 

Fig. 9 is a graph showing the relation between the 
sensor output of a humidity sensor and passage of 
time; 

Fig. 10 is an overview showing a microwave oven 
according to another embodiment of the invention; 
Fig. 11 is a control block diagram for a microwave 
oven according to another embodiment of the 
invention; 

Fig. 12 is a flow chart for use in illustration of the 
operation of a microwave oven according to another 
embodiment of the invention; 

Figs. 13 to 15 are flow chats for use in illustration of 
a precooked food cooking course shown in Fig. 12; 
and 

Fig. 16 is a graph showing the relation between the 
sensor output of the humidity sensor and passage 
of time. 

PREFERRED EMBODIMENTS FOR IMPLEMENTING 
THE INVENTION 



The present invention will be more specifically 
described in conjunction with the accompanying draw- 
ings. 

Referring to Fig. 1, a microwave oven 1 having a 

35 function of oven-cooking according to one embodiment 
of the invention includes an operation portion 2 provided 
at the front surface of microwave oven 1 . Operation por- 
tion 2 has a start key 3 functioning both to select a 
warming course and to instruct starting of cooking, a 

40 cooking selection dial 4 provided around start key 3 for 
selecting an automatic cooking menu by turning, a first 
key 5 for cooking frozen prefried food/pizzas among var- 
ious kinds of frozen precooked food, and a second key 
6 for cooking frozen pilaf (as well as frozen grilled rice 

45 ball). The first key 5 and second key 6 form the selection 
portion of the controller which will be described later. 

Microwave oven 1 includes a heating chamber 7 for 
accommodating food 8, a magnetron 9 functioning as a 
microwave heater for heating food 8 in heating chamber 

so 7 by microwaves radiated from an antenna 9a, an upper 
heater 10 mounted on the upper wall of heating cham- 
ber 7, a lower heater 1 1 mounted on the lower wall of 
heating chamber 7, a turn table 12 for turning food 8 
placed thereon in heating chamber 7, and a turn table 

55 motor 13 for turning turn table 12. Upper heater 10 and 
lower heater 1 1 heat food 8. The heaters may be a con- 
vection type heater. 

Microwave oven 1 is provided with a cooling fan 14, 
which lets in the air through the inlet 15 (not shown) of 
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microwave oven 1 and cools the magnetron 9 and the 
controller which will be described later. Inlet 15 is pro- 
vided at the sidewall 7a of heating chamber 7 on the 
side of cooling fan 14 and introduces cooling wind into 
heating chamber 7. An exhaust outlet 16 is provided at 5 
side wall 7b on the side opposite to side wall 7a. The 
direction in which the atmosphere from heating cham- 
bers 7 is exhausted from exhaust outlet 16 is changed 
downward by the function of an exhaust duct 17. 
Exhaust duct 17 is provided with a humidity sensor 18 
for sensing the humidity of the atmosphere let out from 
heating chamber 7. An outer exhaust outlet 19 is pro- 
vided at the side wall of microwave oven 1, and a ther- 
mistor 20 functioning as a temperature sensor is 
provided on the upper wall of the heating chamber 7. 

Note that food 8 is placed in heating chamber 7 
from the opening in the front and enclosed therein by a 
door (not shown) which opens/closes. 

Fig. 2 shows a controller 21 formed of a microcom- 
puter. Controller 21 is connected with operation portion 
2, magnetron 9, upper heater 10, lower heater 11, turn 
table motor 13, cooing fan motor 14, humidity sensor 18 
and thermistor 20. 

Controller 21 has an initial temperature sensing 
portion 22 for sensing temperature TO in heating cham- 
ber 7 at the start of heating using thermistor 20, a 
humidity change detection portion 23 for detecting a 
humidity change from the start of heating based on the 
sensor output of humidity sensor 18, a humidity change 
timer portion 24 functioning as a timer for counting a 
time period until a prescribed humidity change from the 
start of heating is obtained at humidity change detection 
portion 23, an additional heating portion 25 for execut- 
ing additional heating by microwave heating based on 
an output from humidity change timer portion 24 and on 
temperature TO detected by initial temperature detec- 
tion portion 22, a first cooking course execution portion 
26 for executing cooking as shown in Figs. 4 and 5 
which will be described later in response to an operation 
of first key 5, a second cooking course execution portion 
for executing cooking as shown in Figs. 6 to 8 which will 
be described later in response to an operation of sec- 
ond key 6. and a memory 28. 

Humidity sensor 18 is formed of open type and 
close type thermistors having the same temperature 
characteristics, and humidity is calculated based on the 
difference between temperatures detected by these two 
thermistors as a sensor output. 

Now referring to Figs. 3, the operation of the cook- 
ing device according to the present invention will be 
described. In step S1, a cooking flag (denoted as 
COOKING in Figs. 3 to 8) and a menu flag (denoted as 
MENU in Figs. 3 to 8) are reset to 0 in an initialization 
operation. In steps S2 to S5. the operated key is deter- 
mined. 

More specifically, in step S2, it is determined if first 
key 5 was operated, and if it is determined that the key 
was operated, the cooking flag is set to 1 in step S6. In 
step S3, it is determined if second key 6 was operated, 



and if it is determined that the key was operated, the 
cooking flag is set to 2 in step S7. In step S4, it is deter- 
mined if the automatic menu was selected by cooking 
selection dial 4, and if it is determined that the menu 
was selected, the menu flag is set to 1 in step S8. In 
step S5. it is determined if start key 3 was operated, and 
if it is determined that the key was operated, the opera- 
tion transits to the following step, and if not, the opera- 
tion returns to step S2. Note that if it is determined in 
steps S2 to S5 that no operation was made, the 
processing transits to the following step in order. 

If it is determined in step S5 that start key 3 was 
operated, in the following steps S9 to $11, how each 
flag is set is determined in order to select a method of 
controlling. 

More specifically, it is determined if the cooking flag 
is set to 1 in step S9, and if the flag is set to 1 , the frozen 
precooked food heating course for fried food/pizzas is 
executed in the first cooking course execution portion 
26 of controller 21 . If it is determined in step S9 that the 
flag is not set to 1, the processing transits to step S10, 
and it is determined if the cooking flag is set to 2, and if 
the flag is set to 2, in step S13 the frozen precooked 
food heating course for pilaf is executed in the second 
cooking course execution portion 27. 

If it is determined in step S10 that the cooking flag 
is not set to 2, it is determined in step S11 if the menu 
flag is set to 1. and if the menu flag is set to 1, in step 
S14 a heating course for the cooking menu selected by 
selection dial 4 is executed. If it is determined in step 
S1 1 that the menu flag is not set to 1 , it is determined 
that only start key 3 was operated and the warming 
heating course is executed in step S15. If execution of 
any of the courses from steps S12 to S15 completes, 
the processing returns to step S1, executes an initializa- 
tion operation and waits until the next operation. 

Now, a description will follow on the operation of the 
frozen precooked food heating course for fried food/piz- 
zas described in step SI 2 shown in Fig. 3. In step Si 2, 
initial temperature TO in heating chamber 7 is detected 
in step S16, in other words the temperature in the heat- 
ing chamber 7 is sensed by initial temperature detection 
potion 22 using the thermistor 20. In step S17, magnet- 
ron 9 and cooling fan 14 are driven. In step S18, the 
humidity change timer portion 24 of controller 21 starts 
counting passage of time from the start of heating. In 
step S19, it is determined if initial temperature TO is 
lower than 151°C. 

If it is determined that the temperature is lower than 
151°C in step S19, in step S20 humidity change detec- 
tion portion 23 determines if the sensor output of humid- 
ity sensor 18 has changed by 0.6 V from the start of 
heating, in other words the humidity change has 
reached 0.6 V. If it is determined in step S20 that the 
change of 0.6 V is reached, in step S21 passage of time 
t1 counted by humidity change timer portion 24 is stored 
in the memory 28 of controller 21 . 

It is determined in step S22 if the above-described 
time t1 is 1 minute or shorter. If passage of time t1 is 
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equal to or shorter than 1 minute, the operation of mag- 
netron 9 is stopped in step S23 and upper heater 10 and 
lower heater 1 1 are turned on for 3 minutes and 10 sec- 
onds, thus completing the heating. 

If passage of time 11 is equal to or longer than 1 
minute, it is determined in step S24 if it is in the range 
from one minute to two minutes, and for the period 
equal to or less than two minutes, the operation of mag- 
netron 9 is stopped in step S25. and upper heater 10 
and lower heater 1 1 are turned on for 3 minutes and 50 
seconds, and then heating with the heaters is com- 
pleted. 

If passage of time t1 is longer than two minutes, the 
operation of magnetron 9 is stopped in step S26. upper 
heater 10 and lower heater 1 1 are turned on for 4 min- 
utes and 20 seconds, thus completing heating with the 
heaters. 

If it is determined in step S19 that it is equal to or 
higher than 151°C, it is determined in step S27 if the 
output of humidity sensor 18 has changed by 0.4 V from 
the start of heating. If it is determined in step S27 that 
the change by 0.4 V was made, in step S28 a time 
period t1 counted by humidity change counter portion 
24 is stored in the memory 28 of controller 21. Herein, 
the change amount of 0.4 V corresponds to a pre- 
scribed humidity change amount. 

In step 29. it is determined if the above-described 
time period t1 is equal to or shorter than 1 minute. If t1 
is equal to or shorter than 1 minute, in step S30 the 
operation of magnetron 9 is stopped, upper heater 10 
and lower heater 1 1 are turned on for 2 minutes and 40 
seconds, thus completing heating by the heaters. 

If time period t1 exceeds 1 minute, it is determined 
in step S31 if the time period exceeds one minute and 
equal to or shorter than to 2 minutes, and if it is equal to 
or shorter than 2 minutes, in step S32 the operation of 
magnetron 9 is stopped, upper heater 10 and lower 
heater 11 are turned on for 3 minutes and 10 seconds, 
thus completing heating by the heaters. 

If time period tl exceeds 2 minutes, the operation of 
magnetron 9 is stopped in step 33, upper heater 10 and 
lower heater 1 1 are turned on for 3 minutes and 35 sec- 
onds, thus completing heating by the heaters. 

Once execution of any of the courses according to 
steps S23, S25, S26, S30, S32 and S33 completes, the 
processing in the precooked food heating course for 
fried food/pizzas in steps S12 completes. 

Now, operations in the precooked food heating 
course for pilaf shown in step S13 in Fig. 3 will be 
described in conjunction with Figs. 6 to 8. 

If the operation transits to step S13, in step S34 the 
initial temperature TO of heating chamber 7 is detected 
first. More specifically, the temperature in heating cham- 
ber 7 is detected by initial temperature detection portion 
22, using thermistor 20. In steps S35, cooling fan 14 is 
driven. At the time, the counting operation of humidity 
change counter portion 24 in controller 21 for counting 
passage of time from the start of heating is initiated. In 
step S36, magnetron 9 is driven. In step S37, it is deter- 



mined if the humidity at humidity sensor 18 has 
changed by 0.1 V from the start of heating, using humid- 
ity change detection portion 23. If it is determined in 
step S37 that the change of 0.1 V was made, passage 

5 of time t1 at humidity change counter portion 24 is 
stored in memory 28 in step S38. 

Then, heating by microwaves is continued until it is 
determined in step S39 that the output of humidity sen- 
sor 18 has changed by 1 .0 V from the start of heating. If 

10 it is determined by humidity change detection portion 23 
in step S39 that the sensor output has changed by 1 .0 
V, passage of time t2 from the start of heating is stored 
in memory 28 in step S40, and the operation transits to 
the next step. Herein the change amount of 1 .0 V corre- 

15 sponds to a prescribed humidity change amount. 

It is determined in step S41 if initial temperature TO 
is lower than 120°C. If it is determined in step S41 that 
the temperature is lower than 120°C, in step S42 time 
produced by multiplying time t2 by 0.6 is operated to 

20 produce an additional heating time period, using addi- 
tional heating portion 25. In step S43, counting of the 
additional time period by additional heating portion 25 is 
started and the operation transits to the following step if 
the heating time is passed. In this additional heating. 

25 magnetron 9, continues to be driven in order to execute 
heating by microwaves. 

Step S44 stops driving cooling fan 14. It is deter- 
mined in step S45 if the above-described passage of 
time t1 is equal to or shorter than 2 minutes. If time t1 is 

30 equal to or shorter than 2 minutes, the operation of 
magnetron 9 is stopped in step S46, upper heater 10 
and lower heater 11 are turned on for 1 minute and 15 
seconds, and then the heating by the heaters com- 
pletes. 

35 If time period t1 is longer than 2 minutes, it is deter- 
mined in step S47 if the time period is longer than 2 min- 
utes and equal to or shorter than 3 minutes and 15 
seconds. If it is equal to or shorter than 3 minutes and 
15 seconds, the operation of magnetron 9 is stopped in 

40 step S48, upper heater 10 and lower heater 11 are 
turned on for 1 minute and 45 seconds, and then heat- 
ing by the heaters completes. 

If passage of time t1 is longer than 3 minutes and 
15 seconds, the operation of magnetron 9 is stopped in 

45 step S49, upper heater 10 and lower heater 11 are 
turned on for 2 minutes and 30 seconds, and then heat- 
ing by the heaters completes. 

If it is determined in S41 that the temperature is not 
lower than 1 20°C, in other words equal to or higher than 

so 120°C, in step S50 time produced by multiplying t2 by 
0.8 is operated as an additional heating time period by 
additional heating portion 25. In step S51, counting of 
the additional heating time period by additional heating 
portion 25 is initiated, and the operation transits to the 

55 following steps after passage of the heating time period. 
The additional time period is provided to continue heat- 
ing by microwaves by continuing to drive magnetron 9. 

In step S52, cooling fan 14 is stopped from driven. 
It is determined in step S53 if the above-described time 
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t1 is equal to or shorter than 2 minutes. If tl is equal to 
or shorter than 2 minutes, the operation of magnetron 9 
is stopped in S54, upper heater 10 and lower heater 1 1 
are turned on for 50 seconds, and then heating by the 
heaters completes. 

If time t1 is longer than 2 minutes, it is determined 
in step S55 if the time period is longer than 2 minutes 
and equal to or shorter than 3 minutes and 15 seconds. 
If it is equal to or shorter than 3 minutes and 15 sec- 
onds, the operation of the magnetron 9 is stopped in 
S56, upper heater 10 and lower heater 1 1 are turned on 
for 1 minute and 15 seconds, and then heating by the 
heaters completes. 

If time period t1 is longer than 3 minutes and 15 
seconds, the operation of magnetron 9 is stopped in 
step S57, upper heater 10 and lower heater 11 are 
turned on for 1 minute 30 seconds, and then heating by 
the heaters completes. 

Once execution of any of the courses according to 
steps S46, S48, S49, S54, S56, and S57 completes, the 
frozen precooked food heating course for pilaf in step 
S13 completes. 

Now, the operation started by operating second key 
6 will be described by illustrating specific examples. 
Herein, the temperature in heating chamber 7 is at 
20°C. 

After food 8 is placed in heating chamber 7, second 
key 6 is operated. Controller 21 determines the opera- 
tion in steps S3, and the cooking flag is set to 2. When 
a user operates second key 6 and then start key 3, con- 
troller 21 determines in step S10 that the cooking flag is 
set to 2, and the cooking course according to step S13 
is executed. According to the cooking course, initial 
temperature TO in heating chamber is 7 is detected by 
thermistor 20. The temperature detected in this case is 
20°C as described above, then, cooling fan 14 and mag- 
netron 9 are driven and it is determined in step S37 if 
the output of humidity sensor 18 detected by humidity 
change detection portion 23 has changed by 0.1 V. 

At the time, the output of humidity sensor 18 ele- 
vates with passage of time from the start of heating as 
illustrated in Fig. 9. If the value is elevated to 0.1 V, time 
t1 is stored in memory 28 in step S38. Suppose that 
time period t1 is for example 2 minutes. If it is deter- 
mined in step S39 that the output of humidity sensor 18 
detected by humidity change detecting portion 23 has 
changed by 1 .0 V, a time period t2 counted by humidity 
change counter portion 24 is stored in memory 28. Sup- 
pose that time period t2 is for example 5 minutes. 

It is determined in step S41 that initial temperature 
to (20°C) is lower than 120°C. and the operation transits 
to step S42. In step S42 an additional heating time 
period is operated by additional heating portion 25. 
More specifically. 5 x 0.6 = 3 minutes results. Then in 
step S43. counting of 3 minutes is initiated by additional 
heating portion 25. and the operation transits to step 
S44 after the counting completes. Note that during this 
additional heating time period, heating by the micro- 
wave continues. 



If it is determined in step S43 that the additional 
heating time period is passed, cooling fan 14 is stopped, 
and the operation transits to step S45. Since time period 
t1 is set to 2 minutes as described above, it is deter- 

5 mined in step S45 that the time period is equal to or 
shorter than 2 minutes. In step S46 magnetron 9 is 
turned off, and upper heater 10 and lower heater 1 1 are 
turned on. After heating by the heaters continues for 1 
minutes 15 seconds, upper heater 10 and lower heater 

70 1 1 are turned off, thus completing execution of the cook- 
ing course. 

Another embodiment of the invention will be 
described in conjunction with Figs. 10 to 16. In the fig- 
ures, the same portions as those in Figs. 1 and 2 are 

15 denoted with the same reference character and numer- 
als, with description thereof being omitted. 

Referring to Fig. 10, the cooking device is provided 
with a cooking key 38 operated in order to heat frozen 
precooked food which will be described later. A> selec- 

20 tion portion 29 is provided to selectively effect a first 
cooking course execution portion 26 or a second cook- 
ing course execution portion 27 based on the amount of 
humidity change detected by humidity change detection 
portion 23 for a prescribed time period from the.start of 

25 heating. 

In this embodiment, as illustrated in Fig. 16. the 
amount of change of humidity of frozen precooked food 
such as pilaf is equal to or smaller than 0.2 V 90 sec- 
onds after the start of heating regardless of the amount 

30 of the food, while the change is equal to or more than 
0.2 V for fried food. Detecting the difference in change 
amounts permits automatic determination of the kind of 
frozen precooked food, in other words, if it is fried food 
or pilaf, and cooking appropriate for the food is exe- 

35 cuted. Note that as for a smaller amount to heat, thaw- 
ing is quicker, and the humidity changes quickly, while if 
the amount to heat is large, it takes more time for thaw- 
ing, and the humidity changes slowly. The energy to 
heat food is therefore determined taking this into 

40 account. 

The operation according to this embodiment will be 
described with reference to the flow charts shown in 
Figs. 1 2 to 1 5. An initialization operation is executed by 
setting the cooking flag (denoted as COOKING in Figs. 

45 12 to 1 5) and the menu flag (denoted as MENU in Figs. 
12 to 15) to 0 in step S100. In steps S101 to S103, the 
key operated is determined. 

More specifically, it is determined in step S101 if 
cooking key 28 was operated. If "rt is determined the key 

so was operated, in step S104, the cooking flag is set to 1 . 
In step SI 02 it is determined if the automatic menu was 
selected by cooking selection dial 4. If it is determined 
that the dial was operated, the menu flag is set to 1 in 
step S105. It is determined in step S103 if start key 3 

55 was operated. If it is determined that the key was oper- 
ated, the operation transits to the next step, if it was not 
operated, the operation returns step S101 . Note that if it 
is determined that no operation was made from step 
S101 to step S103, the operation transits to the next 
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step. 

If it is determined in step S104 that start key 3 was 
operated, how each flag is set is determined in step 
S1 06 or S 107 in order to select a method of controlling. 

More specifically, it is determined in step S106 if the 5 
cooking flag is set to 1 . If the cooking flag is set to 1 , the 
frozen food cooking course is executed in step S108. If 
it is determined that the flag is not set to 1 in step S106, 
it is then determined in step S1 07 if the menu flag is set 
to 1 . If the flag is set to 1 , a course of heating a cooking w 
menu selected by selection dial 4 is executed in step 
S109. If it is determined in step Si 07 that the menu flag 
is not set to 1 , it is determined that only start key 3 was 
operated, and the warming heating course in step S1 10 
is executed. is 

If execution of any of the courses according to steps 
S108 to S110 completes, the operation returns to step 
S100, and waits until the next operation after executing 
an initialization operation. 

The frozen precooked food cooking course in step 20 
S108 as described above will be detailed with reference 
to Figs. 13 to 15. 

When the operation transits to step S108, in step 
S111 magnetron 9 and cooling Ian 14 are driven. 
Counting of passage of time from the start of heating is 25 
initiated at humidity change counter portion 24 in con- 
troller 21 . In step S1 13, the operation waits until humid- 
ity counter portion 24 counts 90 seconds. 

It is determined in step S1 1 4 if the output of humid- 
ity sensor 1 8 has changed by 0.2 V or more by selection 30 
portion 29. If it is determined in step S114 that the 
change of 0.2 V or more was made, the first cooking 
course for heating fried food in step S115 and on is 
selected to execute start cooking course execution por- 
tion 26. Meanwhile, if it is determined that the change 35 
was not 0.2 V or more, the second cooking course for 
heating pilaf in step S126 and on is selected and the 
second cooking course execution portion executes the 
processing. If the first cooking course is selected, the 
operation waits until the humidity change counter por- 40 
tion 24 counts 120 seconds since the selection was 
made is step S1 15. It is determined in step S1 16 H the 
amount of humidity change detected by humidity 
change detection portion 23 for the 1 20 seconds is 0.3 
V or longer. In this step, if the amount to heat fried food 45 
is large or small is determined. 

If it is determined that the amount is 0.3 V or more 
in step S116, the amount of heat is determined to be 
small, and in step S117 the operation waits until the 
result of the detection by humidity change detection por- so 
tion 23 becomes 0.8 V or more. In step S118, a time 
period from the start of heating till humidity change 
detection portion 23 detects the change amount of 0.8 V 
or more counted by humidity change counter portion 24 
is stored astin memory28. Instep S1 19, a heating time 55 
period by the heaters is produced by the operation of 
0.5 xt. 

If it is determined in the above step S116 that the 
change of 0.3 V or more was not made, and that the 
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amount to heat is large, the operation waits until the 
amount of humidity change output at humidity change 
detection portion 23 becomes 1.0 V. In step S121. a 
time period from the start of heating till humidity change 
detection portion 23 detects the change amount of 1 .0 V 
or more is counted by humidity change counter portion 
24 and stored in memory 28. In step Si 22, a heating 
time period by the heaters is produced by the operation 
of 0.4 x t. 

In step S123 magnetron 9 and cooling fan 14 are 
turned off, upper heater 10 and lower heater 11 are 
turned on. and heating by the heaters is executed. It is 
determined in step S 124 if the heating time period by 
the heaters produced in step S1 19 or S122 has passed. 

If it is determined in step S124 that the heating time 
period by the heaters has passed, upper heater 1 0 and 
lower heater 1 1 are turned off in step S125, thus com- 
pleting the heating cooking. The operation returns to 
step S100, and waits until the next cooking is instructed. 

If the second cooking course is selected in step 
S114. in other words, it is determined that the food to 
cook is pilaf because the output of humidify change 
detection portion 23 does not change by 0.2 V or more 
during the time period of 90 seconds counted, the oper- 
ation waits until humidity change counter portion 24 
counts 120 seconds since the selection in step S126. It 
is determined in step S127 if the amount of humidity 
change detected by humidity change detection portion 
23 for the 120 seconds is 0.35 V or more. In this step, it 
is determined if the amount of heat for pilaf is large or 
small. 

If it is determined in step S127 that the amount of 
humidity change is 0.35 V or more and that the amount 
of heat is small, in step S128, the operation waits until 
the result of detection at humidity change detection por- 
tion 23 becomes 1.0 V or more. In step S129 the time 
period form the start of heating until the amount of 
humidity change detected by humidity change detection 
portion 23 which is 1 .0 V is counted by humidity change 
counter portion 23 and stored in memory 28. In step 
130, an additional operation time period in microwave 
heating is produced by the operation of 0.5 x t. 

In step S131, heating by microwaves for the addi- 
tional operation time period produced in the above step 
is executed, and then magnetron 9 and cooling fan 14 
are stopped in step S1 32, and then upper heater 10 and 
lower heater 1 1 are turned on for switching to heating by 
the heaters. 

In step 1 33. heating by the heaters is executed for 3 
minutes, and the heaters are turned off in step Si 25. 

If it is determined in step S127 that the change of 
0.35 V or more was not made, in other words, the 
amount of heat is large, in step S1 34 the operation waits 
until the result of detection by humidity change detec- 
tion portion 23 becomes 1 .0 V or more. 

In step 1 35. the time period from the start of heating 
started counting by humidity change counter portion 23 
till the amount of humidity change detected by humidity 
change detection portion 23 reaches 1.0 V is stored in 
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memory 28 as t. In step S136, an additional time period 

for heating by microwaves is produced by the operation ~* 

of 0. 7 x t. 

In step S137, microwave heating for the additional 
operation time period produced in the above step is exe- s 
cuted, then in step S138 magnetron 9 and cooling fan 
14 are stopped, and upper heater 10 and lower heater 
1 1 are turned on, thus switching to heating by the heat- 
ers. 

In step S1 39, heating by the heaters is executed for 10 
1 minute and 30 seconds, and then the heaters are 
turned off in step S125. 

Thus, the second cooking course completes, and 
the operation returns to step S100 and waits until the 
next cooking is instructed. 15 

As in the foregoing, frozen precooked food such as 
frozen pilaf and grilled rice balls which are sold at con- 
venience stores are thawed and heated, no such situa- 
tions is encountered that they are not thawed to the 
centers during heating by microwaves but thawed dur- 
ing heating by the heaters and moisture in the centers 
comes onto the surface, damping the finished food. The 
finished food will be crisp and more tasty according to 
the present invention. 

Note that the heating cooking according to the 
above-described embodiment is designed to avoid the 
necessity of wrapping food with film, and therefore the 
user may enjoy economical advantage as well. 

The additional time period operated by additional 
heating portion 25 in the above-described embodiment 
is determined based on the initial temperature TO of 
heating chamber 7 and time period t2 until humidity 
change detection portion 23 detects the change of 1 .0 
V. However, the invention is not limited to the above, and 
such additional time period may be determined based 
only on one of initial temperature TO and time period t2 
necessary for humidity change. 

INDUSTRIAL APPLICABILITY 

As in the foregoing, the cooking device according to 
the present invention is suitable for thawing and heating 
food in a large lump such as frozen pilaf or frozen grilled 
rice balls as those sold at convenience stores. 

Claims 

1 . A cooking device, comprising: 

a heating chamber accommodating food; so 

microwave heating means for heating the food 

in said heating chamber by microwaves; 

heater heating means for heating the food in 

said heating chamber using a heater; 

a temperature sensor for sensing a tempera- 55 

ture in said heating chamber; 

a humidity sensor for sensing a humidity in said 

heating chamber; 

control means for making such a control that 
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said food is heated by the heater heating 
means using the heater after said food is 
heated by microwaves by said microwave heat- 
ing means; and 

counter means for counting a time period from 
the start of heating till the sensor output of said 
humidity sensor exhibits a prescribed humidity 
change, 

said control means controls said microwave 
heating means to conduct additional heating by 
said microwave heating means based on the 
result of counting by said counter means and 
the temperature in the heating chamber at the 
start of heating, sensed by said temperature 
sensor. 

2. The cooking device as recited in claim 1 , wherein 

said control means operates a time period 
for said additional heating based on the result of 
counting by said counter means and the tempera- 
ture of the heating chamber at the start of said heat- 
ing. 

3. The cooking device as recited in claim 1 , wherein 
said food is frozen precooked food. 

4. A cooking device, comprising: 

a heating chamber accommodating food; 
microwave heating means for heating the food 
in said heating chamber by microwaves; 
heater heating means for heating the food in 
said heating chamber by a heater; 
a temperature sensor for sensing a tempera- 
ture in said heating chamber; 
a humidity sensor for detecting a humidity in 
said heating chamber; 

first cooking course execution means for exe- 
cuting a first cooking course according to which 
microwave heating by said microwave heating 
means is executed from the start of heating 
until the sensor output of said humidity sensor 
exhibits a prescribed humidity change, and 
then heater heating by said heater heating 
means is executed; 

second cooking course execution means for 
executing a second cooking course, wherein 
additional heating is executed based on the 
temperature at the start of heating sensed by 
said temperature sensor and the heating time 
period from start of heating till the output of 
said humidity sensor exhibits said prescribed 
humidity change between the microwave heat- 
ing and the heater heating in said first cooking 
course; and 

selecting means for selecting one of said first 
cooking course and said second cooking 
course. 
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The cooking device as recited in claim 4, wherein 

said selecting means selects said first cook- 
ing course if the amount of humidity change 
detected by said humidity sensor after passage of a 
prescribed time period from the start of heating is 5 
larger than a prescribed cooking determination 
value, and selects said second cooking course if 
said humidity change amount is smaller than said 
prescribed cooking determination value. 

10 

The cooking device as recited in claim 4, further 
comprising an operation portion for instructing initi- 
ation of cooking and selection of a cooking course, 
wherein 

said selecting means selects one of said first 15 
cooking course and said second cooking course in 
response to an instruction from said operation por- 
tion. 

The cooking device as recited in claim 4, wherein 20 
said food is frozen precooked food. 
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